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Figure 1. Low Density Signaling for Qrr RNA Synthesis
(A) In the absence of quorum sensing (low density), LuxO is phosphorylated. The phosphorylated form is a positive regulator of Qrr RNA
synthesis; the Qrr RNAs negatively regulate HapR mRNA stability and translation.
(B) At high density, LuxO is not phosphorylated, and the Qrr RNAs are not made. See Lenz et al. (2004) for more details.
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eukaryotes (Sherr, 2004). On the other hand, we are action with Mdm2. In vitro, Ubc12 and NAE1 were suffi-
cient to conjugate small amounts of Nedd8 to p53;constantly bombarded with new mechanisms that con-
trol p53 function, and with each new discovery, we are however, this reaction was only modestly stimulated by
Mdm2 while p53 ubiquitination was dramatically stimul-reminded of how little is actually understood. Although
the involvement of the Mdm2 ubiquitin ligase in p53 tated (Xirodimas et al., 2004). It is unclear at this point
whether efficient conjugation of Nedd8 to p53 requiresturnover has been known for almost a decade, recent
studies have revealed a varied assortment of pathways other components, such as YY1, which functions with
Mdm2 in p53 ubiquitination (Sui et al., 2004).that impinge on p53 turnover, including COP1, Pirh2,
YY1, and p300-mediated ubiquitination, PARC-medi- A central question was whether endogenous p53 and
Mdm2 are neddylated in intact cells. In reciprocal coim-ated sequestration in the cytoplasm, reversal of ubiquiti-
nation by deubiquitinating enzymes, and sumoylation munoprecipitation experiments, endogenous p53 and
Mdm2 were found to be covalently associated with(reviewed in Yang et al. [2004]) (Figure 1C). However,
we know extremely little about how these pathways Nedd8. One limitation in the current study is the absence
of a quantitative assessment of the fraction of p53 thatinteract in a dynamic sense. Thus, a common response
may be to throw one’s hands up in dismay at the com- is modified and whether this modification is regulated
during the cell cycle. In typical immunoblot experimentsplexity of it all. Now work from the laboratory of David
Lane (Xirodimas et al., 2004 [this issue of Cell]) adds yet of cell lysates, neddylated p53 is not detected, sug-
gesting that only small amounts of p53 are neddylatedanother modification to the mix, neddylation.
Neddylation is the process by which the C-terminal at steady state. However, the finding that depletion of
Mdm2 by RNAi reduces the steady state amount of p53glycine of the ubiquitin-like protein Nedd8 is covalently
linked to lysine residues in a protein through an isopep- neddylation indicates a supportive role for Mdm2 in this
modification in vivo.tide bond, analogous to protein ubiquitination (reviewed
in Cope and Deshaies [2003]). However, unlike ubiquiti- While ubiquitination is known to occur on as many as
six lysine residues in p53, mutagenesis studies revealednation, Nedd8 does not generate polymeric chains.
However, Nedd8 is required for protein degradation that only three of these are required for efficient neddyla-
tion (Xirodimas et al., 2004). Thus, p53 molecules canthrough its activator function for SCF (Skp1/Cul1/F-box
protein) ubiquitin ligases (Figure 1A). The core compo- be both ubiquitinated and neddylated simultaneously.
Whether there is an order to the conjugation processnent of SCF complexes is the cullin subunit. All known
cullins are conjugated to Nedd8 on a single lysine resi- in vivo is not clear, but it is conceivable that Mdm2
can employ both conjugating systems during a singledue located in the C-terminal domain that assembles
with the Rbx1 RING-H2 finger protein (Zheng et al., engagement of p53. It is unclear at present whether p53
that is both neddylated and ubiquitinated is an efficient2002). This modification requires the Nedd8-specific
Ubc12, a two-component Nedd8-activating enzyme substrate for the proteasome. To generate in vivo evi-
dence of a role for neddylation in controlling p53 activity,(NAE1), and the Rbx1 RING finger (Cope and Deshaies,
2003). Once cullin is neddylated, its ability to promote the authors turned to a neddylation-deficient p53 mutant
and the ts-41 cell line, which contains a temperature-ubiquitination is greatly enhanced (Read et al., 2000; Wu
et al., 2000). This modification is removed by a metallo- sensitive subunit of the NAE1 complex (APP-BP1). The
transcriptional activity of the neddylation-deficient mu-protease activity in the COP9/signalosome complex
(Cope and Deshaies, 2003). tant of p53 was higher than wild-type p53 at the permis-
sive temperature and did not significantly increase fur-Until recently, only cullins have been detected in con-
jugation with Nedd8 (Stickle et al., 2004). Thus, it is with ther after shift to the restrictive temperature, suggesting
an inhibitory role for p53 neddylation (Figure 1B). Thesesome surprise that Xirodimas et al. (2004) now report
that Nedd8 can be conjugated to p53 and its regulator functional experiments employed transient expression
systems together with plasmid reporter constructs. TheMdm2. The fact that MDM2 is a RING finger E3 that has
autoubiquitination activity led Xirodimas et al. to ask question of whether p53 neddylation by Mdm2 normally
contributes to inhibition of transcriptional activity to-whether Nedd8 can be conjugated to Mdm2 in p53/
tissue culture cells. While Mdm2 was found to undergo ward endogenous target genes remains unanswered.
Of particular interest is whether neddylation of a smallconjugation with Nedd8 in transfected cells, Mdm2
RING finger mutants did not. Because Mdm2 can conju- fraction of p53 leads to a reduction in transcription at
multiple p53-responsive promoters or whether only agate ubiquitin to p53 (reviewed in Yang et al. [2004]),
Xirodimas et al. examined whether p53 could also be subset of p53-regulated genes are affected upon p53
neddylation.neddylated and, if so, whether Mdm2 was involved.
When both Nedd8 and p53 were overexpressed, small A central role for p53 is activation of the transcriptional
branch of the DNA damage checkpoint. In this process,amounts of Nedd8 were found conjugated to p53. How-
ever, in the presence of Mdm2, the amount of Nedd8- p53 is phosphorylated by multiple kinases, and these
signals impair Mdm2-dependent p53 turnover. Thus, aconjugated p53 was dramatically increased (Figure 1B).
This modification was reversed by coexpression of the central question is whether p53 neddylation is regulated
in response to DNA damage. Xirodimas et al. examinedNedd8-specific protease (NEDP1) but not by the SUMO-
specific protease SSP3. The ability of Mdm2 to promote the effect of ultraviolet radiation (UV) on p53 modifica-
tion. While UV dramatically decreased in the extent ofneddylation of p53 was specific in that the conjugation
of other ubiquitin-like proteins—SUMO and ISG15—was p53 polyubiquitination, the levels of neddylated p53
were increased at early times after UV treatment. Thisnot stimulated by Mdm2 and also requires phenylala-
nine-19 in p53, a residue known to be required for inter- could reflect regulation of p53 neddylation during the
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the fact that neddylated p53 can also be ubiquitinated,
it is possible that neddylated p53 may also undergo
proteasome-mediated degradation in certain situations,
negating a need for regulated deneddylation. Clearly,
understanding the dynamic relationship between p53
neddylation, p53 ubiquitination, and p53 turnover will
be required to determine how neddylation fits into the
p53 degradation pathway.
As is often the case with novel findings, this work
raises as many questions as it answers. In particular,
it is not clear under what physiological settings p53
neddylation occurs, nor is it evident precisely how ned-
dylation regulates p53 function. Does neddylation play
a critical role overall in p53 biology or is it a minor compo-
nent of p53’s diverse regulatory apparatus? In addition,
this work raises the question of whether Nedd8 transfer
through RING-based E3s is a frequent event. If Mdm2
is a harbinger of things to come, then there could be
many more RING-based E3s that are capable of func-
tioning together with Ubc12 to promote neddylation of
proteins that are otherwise targets of a RING-based
ubiquitin ligase activity. If this is the case, then an inter-
mingling of neddylation and ubiquitination could be the
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Figure 1. Nedd8 Conjugation Pathways
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damage. DNA damage-dependent phosphorylation
blocks association with Mdm2 with p53 (Yang et al.,
2004) and, based on mutagenesis experiments (Xirodi-
mas et al., 2004), would presumably block neddylation
as well. An additional question concerns removal of Huntington’s Disease:
Nedd8. In SCF complexes, Nedd8 is removed by the
New Paths to Pathogenesisaction of the COP9 complex (Cope and Deshaies, 2003).
How and under what circumstances Nedd8 is removed
from p53 is unknown, although at long times after DNA
damage, the levels of neddylated p53 were reduced
while total p53 levels remained high, suggesting the Huntington’s disease is a progressive autosomal dom-
inant neurodegenerative disorder caused by expan-existence of a deneddylation pathway. However, given
